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CROSS REFERENCE TO RELATED APPLICATION 
This application claims benef i t of priori ty under 35 U . S • C . 
§119 to Japanese Patent /^plication No. 2003-415319, filed on 
December 12, 2003, the entire contents of which are incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor device 
and a method for manufacturing the same , and particularly relates 
to a semiconductor device having a structure in which a source 
region and a drain region are elevated from the surface of a silicon 
substrate, that is, having elevated source/drain or raised 
source/drain, which is used in an SoC (System on Chip) and the 
like, and a method for manufacturing the same. 

Related Background Art 

With the miniaturization and speeding up of a semiconductor 
element, salicide (Self Aligned Silicide) technology for forming 
a high melting p>oint metal silicide (Co silicide, Ni silicide, 
or the like) film on source and'^ drain diffusion regions in a 
self -aligned manner is widely used for an element structure 
especially for the SoC and the like. The depths of the source 
and drain diffusion regions are scaled with the miniaturization 
and speeding up of the semiconductor element, which causes the 
need for forming the depths of the source and drain diffusion 
regions more shallowly. The salicide technology utilizes a 
phenomenon in which a high melting point metal film shows a silicide 
formation reaction while consuming a silicon semiconductor 
substrate, which causes a problem that junction leakage occurs 
by a junction being made shallower due to variations in consxjmed 
silicon film thickness in the semiconductor substrate, diffusion 
of highmeltingpointmetal atoms into the semiconductor substrate, 
and so on . Because of such a problem, scaling to make the junction 
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depth shallower has been difficult in the existing salicide 
technology. 

To solve this problem, it is proposed to form epitaxial 
silicon in a source region and a drain region at the surface of 
5 the semiconductor substrate. Namely, an epitaxial silicon film 
is formed on the source region and the drain region, then impurity 
ions are implanted into the surface of the semiconductor s\jbs trate , 
and subsequently a high melting point metal film is formed and 
silicided, so that the formation of salicide and the formation 
10 of a junction in a shallow region from the surface of the 
semiconductor substrate are compatible. 

The aforementioned technology utilizing a structure in 
which the source region and the drain region are elevated from 
the original surface of the semiconductor substrate is called 
15 elevated source/drain technology or raised source/drain 
technology. 

Fig. 1 shows a b^S transistor using related elevated 
source/drain technology. A silicon semiconductor substrate 12 
includes an element isolation insulating film lOA, and a gate 
2 0 electrode 14 having an SiN/polysilicon stacked structure is formed 
on the silicon semiconductor substrate 12 with a gate oxide film 
13 therebetween. A gate sidewall Si02 16 and a gate sidewall SiN 

18 are formed at a sidewall of the gate electrode 14 , A diffusion 
region 19 is formed in each of a source region and a drain region 

25 by ion implantation and annealing. 

Then, as shown in Fig. 2, an epitaxial silicon film 20 made 
of single-crystal silicon is formed on the source diffusion region 

19 and the drain diffusion region 19 by an epitaxial growth method. 
At this time, a facet sometimes appears at the lower end of the 

30 gate sidewall, and as an exarnple of measures therefor, a method 
disclosed in Japanese Patent Laid-open No. 2000-49348 (Patent 
Document 1) can prevent the facet from appearing. 

However, as shown in Fig. 2, even if the aforementioned 
method is employed, a facet 22 is formed at an interface of the 

35 epitaxial silicon film 20 with the element isolation insulating 
film 10, which sometimes causes a problem such as a short circuit 
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or junction leakage. For this problem, a method of solving the 
problem by the installation of a stopper film, for example, by 
a method disclosed in Japanese Patent Laid-open No, 2000-260952 
(Patent Document 2) is proposed. However, the surface of the 
5 element isolation insulating film 10 is generally higher or lower 
than the surface of the semiconductor substrate 12, and hence, 
when the surface of the element isolation insulating film 10 is 
higher than the surface of the semiconductor substrate 12 as shown 
in Fig. 2, there arises a problem that the facet 22 such as shown 

10 in Fig. 2 is formed. On the other hand, when the surface of the 
element isolation insulating film 10 is lower than the surface 
of the semiconductor substrate 12, there arises a problem that 
the facet 22 such as shown in Fig. 3 is formed. Additionally, 
when the stopper film is SiOa , there arises a problem that a similar 

15 facet is formed. 

Moreover, in Japanese Patent Laid-open No. 2002-368227 
(Patent Document 3) and United States Patent No. 6326281 (Patent 
Document4) , amethodof directly formingSiNinanelementisolation 
trench is proposed, but this method has a problem that the element 

2 0 isolation withstand voltage deteriorates due to charge injection 
into an SiN film or strong stress possessed by the SiN film. 

As can be seen from the above description, the related arts 
have a problem that a facet appears in the epitaxial silicon film 
20 formed on the source region and the drain region. 

25 

SUMMARY OF THE INVENTION 
In order toacconplish the afor^ientioned and other objects , 
according to one aspect of the present invention, a semiconductor 
devi ce , conpr i ses : 
30 a semiconductor s\abstrate; 

a source region which is formed in a surface side of the 
semiconductor substrate; 

a drain region which is formed in the surface side of the 
semiconductor substrate which is apart from the source region; 
35 a gate electrode which is formed on the semiconductor 

substrate via an gate insulating film and which is between the 
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source region and the drain region; 

an element i solation insulator which is formed on the surface 
side of the semiconductor substrate to provide electrical 
insulation from other elements , a height of a surface of the element 
5 isolation insulator being equal to or lower than that of a surface 
of the semiconductor substrate; 

a stopper which is formed of a material different from that 
of the element isolation insulator and which is at a predetermined 
distance from the soni conductor siabstrate so as to protrude from 
10 the surface of the element isolation insulator; and 

an elevated source/drain whicdi i s formed on the source region 
and the drain region so as to be elevated from the surface of 
the semiconductor s\abstrate. 

According to another aspect of the present invention, a 
15 method for manufacturing a semiconductor device, comprises: 

forming an element isolation insulator on a surface side 
of a semiconductor substrate at a height equal to or lower than 
a surface of the semiconductor substrate; 

forming a stopper at a predetermined distance from the 
20 s^ni conductor substrate so as to protrude from a surface of the 
element isolation insulator, wherein a material of the stopper 
is different from that of the element isolation insulator; and 
faxmLng an elevated source/drain on a source region and 
a drain region of the semiconductor substrate , wherein the elevated 
25 source/drain is elevated from the surface of the semiconductor 
substrate. 

BRIEF DESCRIPTION OF THE DRAWINGiS 
Fig. 1 is a sectional view for explaining a manufacturing 
process of a semiconductor device cortposing a related MOS 
3 0 transistor ; 

Fig. 2 is a sectional view for explaining the semiconductor 
device conposing the related MOS transistor (when the surface 
of an element isolation insulating film is higher than the surface 
of a semiconductor substrate) ; 
35 Fig. 3 is a sectional view for explaining the semiconductor 

device composing the related bfOS transistor (when the surface 
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of the element isolation insulating film is lower than the surface 
of the semiconductor substrate) ; 

Fig. 4 is a sectional view for e^q^laining a manufacturing 
process of a semiconductor device corrposing a MOS transistor 
5 according to a first CTibodiment; 

Fig. 5 is a sectional view for explaining the manufacturing 
process of the semiconductor device composing the MOS transistor 
according to the first embodiment; 

Fig . 6A is a sectional view for explaining the manufacturing 
10 process of the semiconductor device corrposing the MOS transistor 
according to the first embodiment; 

Fig. 6B is a plan view of the MOS transistor in Fig. 6A; 

Fig. 6C is a sectional view taken along the line A-A of 
the MOS transistor in Fig.6B; 
15 Fig. 7 is an enlarged view of a portion between a sidewall 

of a semiconductor substrate and a stopper in Fig. 6A; 

Fig. 8 is a sectional view for explaining a manufacturing 
process of a SCTiiconductor device composing a MOS transistor 
according to a second embodiment; 
20 Fig. 9 is a sectional view for explaining the manufacturing 

process of the semiconductor device composing the MOS transistor 
according to the second embodiment; 

Fig. 10 is a sectional view for explaining the manufacturing 
process of the SCTiiconductor device composing the MOS transistor 
25 according to the second embodiment; 

Fig. 11 is a sectional view for explaining the manufacturing 
process of the SCTiiconductor device coirposing the MOS transistor 
according to the second embodiment; 

Fig. 12 is a sectional view for explaining the manufacturing 
30 process of the s®ni conductor device composing the MOS transistor 
according to the second embodiment; 

Fig . 13 is a sectional view for explaining the manufacturing 
process of the semiconductor device composing the MOS transistor 
according to the second embodiment; 
35 Fig . 14 is a sectional view for explaining the manufacturing 

process of the semiconductor device composing the MOS transistor 
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according to the second embodiment; and 

Fig. 15 is an enlarged view of a portion between a sidewall 
of a semiconductor substrate and a stopper in Fig. 14. 



5 DETAILED DESCRIPTION OF THE EMBODIMENTS 

[First Embodiment] 

In the first embodiment, in a semiconductor device in which 
an epitaxial silicon film is formed on a source region and a drain 
region by silicon selective epitaxial growth, the height of the 

10 surface of an element isolation insulating film adjoining each 
of the source region and the drain region is made equal to or 
lower than that of the surface of a semiconductor sxabstrate forming 
the source region and the drain region, and a stopper (a step 
structure) made of a material different from that of the element 

1 5 isolation insulating film is formed on part of the element isolation 
insulating film. Particularly, in this embodiment, the element 
isolation insulating film is formed of a material including Si02 
as its major constituent, and a material different from that of 
the element isolation insulating film is formed of a material 

20 including SiN as its major constituent. A more detailed 
explanation will be given below. 

As shown in Fig. 4, in the semiconductor device according 
to this embodiment, an element isolation insulating film 102 is 
f oinned on the surface side of a semiconductor sijbstrate 100 . In 

25 this embodiment, the semiconductor substrate 100 is formed of 
silicon, and the element isolation insulating film 102 is formed 
of SiOa. The surface of the element isolation insulating film 
102 is located at a height equal to or lower than the surface 
of the semiconductor substrate 100. This MOS transistor is 

30 electrically isolated from other elements by this element 
isolation insulating film 102 . 

Moreover, source/drain regions 101 are formed apart from 
each other in the surface side of the semiconductor substrate 
100. These source/drain regions 101 are formed by impurity ions 

35 being implanted in the semiconductor substrate 100 and annealed - 
A gate electrode 106 having an SiN/polysilicon stacked 
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structure is formed on the semiconductor substrate 100 between 
the source region 101 and the drain region 101 with a gate insulating 
film 104 therebetween. A silicon oxide film 108 and a silicon 
nitride film 110 are formed on the surfaces of the semiconductor 
5 substrate 100, the element isolation insulating film 102, and 
the gate electrode 106 . The silicon oxide film 108 and the silicon 
nitride film 110 become a gate sidewall Si02 and a gate sidewall 
SiN respectively, and, for example, a total film thickness of 
the silicon oxide film 108 and the silicon nitride film 110 is 
10 50 nm. In this embodiment, a thickness of the silicon oxide film 
108 is 25 nm, and a thickness of the silicon nitride film 110 
is also 25nm. 

Then, as shown in Fig. 5, a resist pattern 112 is formed 
on part of the element isolation insulating film 102 by 
15 photolithography technology. In this embodiment, the resist 
pattern 112 is formed in such a manner that a distance between 
a sidewall of the semiconductor substrate 100 and the resis tpattern 
112 is D. 

Thereafter, RIE using a plasma of a mixed gas , for example, 

2 0 of HBr, CI2 gas, and so on is performed on the entire surface. 
Subsequently, the resist pattern 112 is exfoliated by ashing, 
and wet cleaning is performed. Thus, the semiconductor device 
having a structure shown in Fig. 6A is obtained. Namely, a gate 
sidewall 114 is formed by the silicon oxide film 108 and the silicon 

25 nitride film 110 on a sidewall portion of the gate electrode 106, 
and a stopper 116 is formed by the silicon oxide film 108 and 
the silicon nitride film 110 on the element isolation insulating 
film 102 . This stopper 116 is located on the surface of the elCTient 
isolation insulating film 102 and protrudes from the surface of 

30 the element isolation insulating film 102. 

Fig. 6B is a plan view of Fig. 6A, and Fig. 6C is a sectional 
view taken along the line A-A of Fig. 6B. As be understood from 
these drawings, the silicon nitride film 110 of the stopper 116 
surrounds the element region. 

35 After Fig. 6A, an epitaxial silicon film is formed on the 

source region 101 and the drain region 101 of the semiconductor 



8 



substrate 100 by vapor phase selective epitaxial growth. 

Fig. 7 is an enlarged view of a step portion (portion X) 
in the semiconductor device after the epitaxial silicon film is 
formed. As shown in Fig. 7, an epitaxial silicon film 118, for 
exanple, with a film thickness of 50 nm is deposited on the surface 
of the semiconductor substrate 100, that is, on the source region 
101 and the drain region 101 including an exposed sidewall portion 
of the semiconductor substrate 100. The vapor phase selective 
epitaxial growth is performed by a low pressure CVD method, for 
example, at approximately 100 Pa to 1000 Pa, with a mixed gas, 
for exairple, of SiH2Cl2, HCl, H2, and so on. At this time, a facet 
such as shown in Fig. 7 appears. 

For example, if a facet appears with an angle formed by 
the epitaxial silicon film 118 and the sidewall of the semiconductor 
s\j±>strate 100 being 0 when elevated source/drain are formed, then 
a height B of the stopper 116 needs to satisfy B > A/tan0, since 
the distance between the sidewall of the semiconductor substrate 
100 and the stopper 116 is A. If this condition is satisfied, 
when the epitaxial silicon film 118 grows, the epitaxial silicon 
film 118 grows in a <100> direction (in a direction perpendicular 
to the semiconductor substrate 100) after a facet face of the 
epitaxial silicon film 118 touches the stopper 116, which can 
avoid problems such as a short circuit caused by the formation 
of the facet. If it is assumed that the sidewall face of the 
semiconductor substrate 100 is a {110} face and a facet face is 
a {311} face, for example, 9 is 31.4 degrees, and if A is 10 nm, 
the stopper 116 has the effect of inhibiting the growth of the 
facet when B is equal to or more than approximately 16.4 nm. 

Moreover, the semiconductor substrate 100 and the stopper 
116 are apart from each other by the distance A, which can avoid 
the stopper 116 formed of SiN from becoming charged and the element 
isolation withstand voltage from deteriorating due to stress. 

[Second Embodiment] 

The second embodiment will be described by means of Fig. 
8 to Fig. 15. As shown in Fig. 8, a hard mask SiN film 202, for 
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example , with a film thickness of 100 nmis f omedon a semiconductor 
svibstrate 200. Then, a trencdi 204 is foinned in an STI (Shallow 
Trench Isolation) region by etching the hard mask SiN film 202 
and the semiconductor sxabstrate 200 by the lithography and RIE. 
5 Thereafter, as shown in Fig. 9, a sidewall of the trench 

204 and the hard mask SiN film 202 are oxidized by ISSG (In Situ 
Steam Generation) oxidation , for exanple, at 9Sa^C to forma silicon 
oxide film 206. For example, the silicon oxide film 206 is a Si02 
film with a film thickness of 10 nm. Subsecjuently, a silicon 

10 nitride film 208 is formed inside the trench 204 by a low pressure 
CVD method. For example, the silicon nitride film is an SiN film 
with a film thickness of 15 nm. 

Then, as shown in Fig. 10, the silicon nitride film 208 
is etched selectively with respect to the oxide film by RIE which 

15 uses a plasma of a mixed gas of CsFs, O2, and so on, so that the 
silicon nitride film 208 becomes lower than the surface of the 
hard mask SiN film 202, for example, by 80 nm. As a result, a 
stopper 209 is formed by the silicon nitride film 208 rCTiaining 
on the sidewall of the trench 204. 

20 . At this time, the silicon oxide film 206 of ISSG oxidation 

with a film thickness of approximately 10 nm is located on the 
surface of the hard mask SiN film 202, so that the hard mask SiN 
film 202 can be prevented from being damaged. Moreover , although 
the silicon nitride film 208 at the bottom of the trench 204 is 

25 removed, but the semiconductor substrate 200 can be prevented 
from being damaged by the silicon oxide film 206 under the silicon 
nitride film 208. 

Then, as shown in Fig. 11, CTibedding in the trench 204 for 
STI is p>erformed by SOD (Spin on Dielectric) technology, and a 

30 buried film 210 is formed by two step annealing, for example, 
annealing at 400''C and annealing at 850°C. 

Thereafter, as shown in Fig. 12, the silicon oxide film 
206 formed on the buried film 210 and the hard mask SiN film 202 
is polished and flattened by CMP technology. 

35 Subsequently, as shown in Fig. 13, the hard mask SiN film 

202 is removed, for example , by a thermal phosphoric acid solution . 
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Then, the heights of the buried film 210 and the silicon oxide 
film 206 are adjusted to a desired height, for example, with a 
solution having an ammonixun fluoride solution as its major 
constituent, thereby obtaining a semiconductor device such as 
5 showninFig. 14 • As canbe seen from Fig. 14 , also in this embodiment, 
the height of the surface of the silicon oxide film 206 is set 
so as to be equal to or lower than that of the surface of the 
semiconductor device 200 which forms the source region and the 
drain region. Moreover, the stopper 209 is embedded between the 

10 silicon oxide film 206 and the buried film 210 and protrudes from 
the surface of the silicon oxide film 206. 

After Fig. 14, an epitaxial silicon film is formed on the 
source region and the drain region of the semiconductor substrate 
200 by vapor phase selective epitaxial growth. Fig. 15 is an 

15 enlarged view of a step portion (portion Y) in the semiconductor 
device after the epitaxial silicon film is formed. 

In the exairple in Fig. 15, an epitaxial silicon film 212, 
for example, with a film thickness of 50 nm is deposited on the 
source region and the drain region including a sidewall region 

2 0 of the semiconductor substrate 200 by vapor phase selective 
epitaxial growth. The vapor phase selective epitaxial growth is 
performed by a low pressure CVD method, for exanple, at 
approximately 100 Pa to 1000 Pa with a mixed gas, for exaitple, 
of SiH2Cl2, HCl, Ha, and so on. At this time, a facet such as shown 

25 in Fig. 15 appears. 

If a facet appears with an angle formed by the epitaxial 
silicon film 212 and the sidewall of the semiconductor substrate 
200 being 6 when elevated source/drain are formed, for exarnple, 
and the distance between the sidewall of the semiconductor 

30 substrate 200 and the stopper 209 is A, a height B of the stopper 
209 needs to satisfy B > A/tan0. If this condition is satisfied, 
when the epitaxial silicon film 212 grows, the epitaxial silicon 
film 212 grows in a <100> direction (in a direction perpendicular 
to the semiconductor siabstrate 200) after a facet face of the 

35 epitaxial silicon film 212 touches the stopper 209, which can 
avoid problems such as a short circuit caused by the formation 
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of the facet. 

As described above, similarly to the aforementioned first 
embodiment, this embodiment can also produce the effect of 
inhibiting the growth of the facet. Moreover, the semiconductor 
5 substrate 200 and the stopE>er 209 are apart from each other by 
the distance A, which can avoid the stopper 209 formed of SiN 
from becoming charged and the element isolation withstand voltage 
from deteriorating due to stress . Further , the distance Abetween 
the sidewall of the semiconductor substrate 200 and the stopper 

10 209 can be controlled by the film thickness of the silicon oxide 
film 206, whereby the distance A can be set with high precision. 

It should be noted that the present invention is not limited 
to the aforementioned embodiments and can be modified variously. 
For example, in the aforementioned CTibodiments, the stoppers 116 

15 and 209 are formed of SiN, but they are only required to be formed 
of a material having SiN as its major constituent . In other words , 
the material for the stoppers 116 and 209 are only required to 
be a material which enables the epitaxial silicon films 118 and 
212 to grow in a vertical direction after the facets of the epitaxial 

20 silicon films 118 and 212 have grown and touch the stoppers 116 
and 209. 

Further, the element isolation insulating film 102 in the 
aforementioned first embodiment is formed of SiOa, but it is only 
required to be formed of a material having SiOa as its major 
25 constituent. This point applies to the silicon oxide film 206 
in the second embodiment as well. 

Furthermore, the epitaxial growth in the present invention 
includes incomplete epi taxial growth andpar tial epi taxial growth . 
Besides, the material for the elevated source/drain to be 
30 epitaxially grown is not limited to silicon. 



